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PRESS-HARDENED COMPONENT AND ASSOCIATED PRODUCTION METHOD 

[0001] The invention relates to a press-hardened component and a process for producing a press- 
hardened component in accordance with the preambles of the independent claims. 

[0002] High rigidity and strength requirements are imposed on bodywork components used in 
automobile construction. At the same time, however, a reduction in the material thickness is 
desirable with a view to minimizing weight. High-strength and ultrahigh-strength steel materials, 
which allow the production of components with very high strength combined, at the same time, 
with a low material thickness, offer a solution to these inherently contradictory requirements. 
Strength and toughness properties of a component can be set in a targeted way by suitable 
selection of process parameters during hot-forming which is customarily used for these 
materials. 

[0003] To produce a component of this type with the aid of hot-forming, first of all a plate is cut 
from a coil, and this plate is then heated to above the microstructure transformation temperature 
of the steel material above which the material is in the austenitic state, is placed into a forming 
tool in the heated state and deformed to the desired component shape before being cooled, so as 
to mechanically fix the desired deformed state, with the component being treated and/or 
hardened. 

[0004] Often, the component is subjected to a pre-forming step or a trimming step prior to the 
actual hot-forming. This is described for example in DE 101 49 221 CL However, a process of 
this type can cause problems with regard to corrosion, since a strip coating which is customarily 
applied is damaged during the pre-forming. Standard pre-forming and trimming of the 
components is not possible in particular in the case of pre-coated high-strength steels such as 
Usibor 1500 PC, which has an AISi coating, since the pre-coating is too brittle and consequently 
the protection against corrosion would be lost. 
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[0005] It is an object of the invention to provide a press-hardened component and a process for 
producing press-hardened components which allow reliable protection against corrosion and at 
the same time are suitable for series production. 

[0006] According to the invention, this object is achieved by the features of claims 1 , 2 and 9. 

[0007] A first embodiment of the process according to the invention for producing press- 
hardened components comprises the following process steps: a component blank is formed from 
the semi-finished product by a cold-forming process, in particular a drawing process; the 
component blank is trimmed at the margin side to a mar gin contour which approximately 
corresponds to the component to be produced; the trimmed component blank is heated and press- 
hardened in a hot- forming tool; the press-hardened component blank is covered with a corrosion- 
prevention layer in a coating step. 

[0008] This configuration of the invention on the one hand enables the component production 
process to be implemented in such a way that it is possible to dispense with the final trimming of 
the hardened component, which represents a complex and expensive process operation. The 
margin regions are therefore cut to size while the component is still in the unhardened state, 
rather than only after the heating and hardening process, as has hitherto been customary when 
using hot-forming. On account of the workpiece being trimmed while it is still in the soft state, 
the cutting forces required are significantly lower than those needed for the cold-cutting of 
hardened materials, which leads to reduced tool wear and to a reduction in the maintenance costs 
for the cutting tools. Furthermore, trimming the high-strength material while it is in the 
unhardened state considerably reduces the risk of rapid formation of cracks on account of the 
high notch sensitivity of these materials. 

[0009] A corrosion-prevention layer is only applied after the hardening process, with the result 
that the component is completely coated, i.e. even at the margins. 
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[0010] In another embodiment of the process according to the invention for producing press- 
hardened components, the following process steps are carried out: the semi-finished product is 
heated and press-hardened in a hot-forming tool; the component blank produced in this way is 
trimmed at the margin side to a margin contour which corresponds to the component to be 
produced; the press-hardened, trimmed component blank is covered with a corrosion-prevention 
layer in a coating step. 

[0011] In this embodiment, the trimming of the hardened component is preferably carried out 
with the aid of a laser cutting process or the water jet cutting process, by means of which high- 
quality trimming of the component edges can be achieved. The subsequent application of a 
corrosion-prevention layer ensures that the component is protected from corrosion even in the 
region of the trimmed margins. 

[0012] If the layer is applied to the press-hardened component blank using a hot-dip 
galvanization process, it is possible for a zinc corrosion-prevention layer to be applied in a 
coating process which can be suitably integrated in a manufacturing process. 

[0013] If the layer is applied to the press-hardened component blank by a thermal diffusion 
process, it is possible to use a controllable process by which preferably a layer of zinc or a zinc 
alloy which is suitable even for complex component geometries and for edge coating can be 
applied. The layer thickness can be deliberately set between a few jam and over 100 |im. There is 
little thermal stressing of the component. It is possible to coat components irrespective of their 
size, dimensions, configuration, complexity and weight. 

[0014] Cleaning the press-hardened component blank by dry cleaning prior to the coating step 
improves the bonding of the layer. Scaling at the surface caused by the hot-forming is 

eliminated. There is no need for preliminary chemical cleaning. 

i 



-3- 



WO 2005/0018848 



PCT/EP2004/005855 



[0015] It is expedient for the press-hardened component blank to be blasted with particles, in 
particular glass particles, prior to the coating step in order for the surface to be cleaned so as to 
be as far as possible devoid of residues. 

[0016] If residues are removed from the component blank, for example by ultrasound, following 
the coating step and the component blank is passivated, the result is a surface which produces a 
good bonding base for coatings, in particular primers or paints. 

[0017] It is advantageous for the component blank to be conditioned following the coating step. 
It is particularly advantageous if the component blank is coated with a zinc-containing layer, 
since an oxide which is suitable as a bonding base is then formed at the surface. 

[0018] A press-hardened component according to the invention, in particular a bodywork 
component, formed from a semi-finished product made from unhardened, hot-formable steel 
sheet, is produced by at least one of the refinements of the process according to the invention. A 
component of this type can particularly appropriately be produced in large numbers by suitable 
series production and combines an advantageous reduction in the weight of the component with 
an excellent resistance to corrosion. 

[0019] Further advantages and configurations of the invention are given in the further claims and 
the description. 

[0020] The invention is explained in more detail below with reference to an exemplary 
embodiment illustrated in the drawing, in which: 

[0021] Fig. 1 shows a process sequence used to produce a press-hardened component, 
comprising la: cutting the plate blank (step I), lb: cold-forming (step II); lc: trimming the 
margins (step III); Id: hot-forming (step IV); le: cleaning (step V); If: coating (step VI); 
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[0022] Fig. 2 shows perspective views of selected intermediate stages in the production of a 
component, including 2a: a semi-finished product; 2b: a component blank formed from it; 2c: a 
trimmed component blank; 2d: a coated component blank; 

[0023] Fig. 3 shows an alternative process sequence used to produce a press-hardened 
component, comprising la: cutting the plate blank (step I); lb: hot-forming (step II 5 ); lc: 
trimming the margins (step III'); Id: cleaning (step IV); le: coating (step V). 

[0024] Figures la to If diagrammatically depict a process according to the invention for 
producing a three-dimensionally shaped, press-hardened component 1 from a semi-finished 
product 2. In the present exemplary embodiment, the semi-finished product 2 used is a plate 3 
which is cut out of an unwound coil 5. Alternatively, the semi-finished product 2 used may also 
be a composite metal sheet as described for example in DE 100 49 660 Al, comprising a base 
sheet and at least one reinforcing sheet. Furthermore, the semi-finished product 2 may also be a 
tailored blank, which comprises a plurality of welded-together metal sheets of different material 
thickness and/or different materials properties. Alternatively, the semi-finished product 2 may be 
a three-dimensionally shaped sheet-metal part which has been produced by any desired forming 
process and is to be further deformed and to have its strength and/or rigidity increased with the 
aid of the process according to the invention. 

[0025] The semi-finished product 2 consists of an unhardened, hot-formable steel sheet. A 
particularly preferred material is a water-hardening heat-treated steel, as marketed for example 
by the German company Benteler AG under the trade name BTR 165. This steel includes the 
alloying constituents listed below, in which context the alloying constituents to be added in 
addition to the base metal iron are to be understood as being in percent by weight: 



Carbon 



0.23-0.27% 



Silicon 



0.15-0.50% 



Manganese 



1.10-1.40% 



Chromium 



0.10-0.35% 



Molybdenum 



0.00-0.35% 
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Titanium 



0.03-0.05% 



Aluminum 



0.02-0.06% 



Phosphorus 



max. 0.025% 



Sulfur 



max. 0.01% 



Total others 



0.0020-0.0035%. 



[0026] In a first process step I, the plate 3 (Fig. la) is cut out of an unwound and straightened 
section of a coil 5 formed from a hot-formable metal sheet. The hot-formable material is at this 
point in an unhardened state, so that plate 3 can be cut out without problems with the aid of 
conventional mechanical cutting means 4, for example cutting shears. When used in large-series 
production, it is advantageous for the plate blank 3 to be cut with the aid of a plate blanking press 
6 which is responsible for automated supplying of the coil 5 and automated punching and 
removal of the cut plate 3. The plate 3 which has been cut out in this way is illustrated in 
diagrammatic perspective view in Fig. 2a. 

[0027] The plates 3 which have been cut out are put down on a stack 7 and fed in stacked form 
to a cold-forming station 8 (Fig. lb). Here, a component blank 10 is formed from the plate 3 in a 
second process step II with the aid of the cold-forming tool 8, for example a two-stage deep- 
drawing tool 9. To be able to ensure high-quality forming of the component geometry, the plate 3 
has margin regions 1 1 which project beyond an outer contour 12 of the component 1 that is to be 
formed. The component blank 10 is formed near net shape during this cold-forming process 
(process step II). In this context, the term "near net shape" is to be understood as meaning that 
those parts of the geometry of the finished component 1 which undergo a macroscopic flow of 
material have been formed into the component blank 10 after the cold-forming process has 
ended. Therefore, only minor shape modifications, requiring minimal (local) flow of material, 
are necessary to produce the three-dimensional shape of the component 1 after the cold-forming 
process has ended; the component blank 10 is illustrated in Fig. 2b. 

[0028] Depending on the complexity of the component 1 , the near net shape shaping may take 
place in a single deep-drawing step or in multiple stages (Fig. lb). Following the cold-forming 
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process, the component blank 10 is placed in a cutting apparatus 15, where it is trimmed (process 
step III, Fig. lc). At this point, the material is still in the unhardened state, and therefore the 
trimming can be carried out with the aid of conventional mechanical cutting means 14, such as 
for example cutting blades, edge-removal and/or punching tools. 

[0029] A separate cutting apparatus 15 can be used for the trimming, as shown in Fig. lc. 
Alternatively, it is possible for the cutting means 14 to be integrated in the final stage 9' of the 
deep-drawing tool 9, so that in the final deep-drawing stage 9' the margin trimming takes place 
in addition to the final shaping of the sheet-metal blank 10. 

[0030] The cold-forming process and the trimming operation (process steps II and III) produce a 
component blank 17 which has been trimmed to near net shape from the plate 3; its three- 
dimensional shape and its marginal contour 12' deviate only slightly from the desired shape of 
the component 1 . The margin regions 1 1 which have been cut off are discharged in the cutting 
apparatus 15; the component blank 17 (Fig. 2c) is removed from the cutting apparatus 15 with 
the aid of a manipulator 19 and then fed to the next process step IV. 

[0031] In a particularly advantageous alternative, process steps II and III are integrated in a 
single processing station, in which the forming and cutting are carried out fully automatically. 
The component blank 17 can be removed automatically, or alternatively it is possible for the 
component blanks 17 to be removed and stacked manually. 

[0032] In the following process step IV (Fig. Id), the trimmed component blank 17 is subjected 
to hot-forming in a hot-forming region 26, during which it is formed into a final shape of the 
component 1 and hardened. The trimmed component blank 17 is placed by a manipulator 20 in a 
continuous furnace 21, where it is heated to a temperature that is above the microstructure 
transformation temperature to the austenitic state; depending on the grade of steel, this 
corresponds to heating to a temperature of between 700°C and 1 100°C. For a preferred material 
BTR 165, a favorable range is between 900°C and 1000°C. The atmosphere of the continuous 
furnace is expediently inerted by the addition of a shielding gas, in order to prevent scaling of the 
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uncoated cut parts of the marginal contour 12' of the trimmed component blanks 17 or, if 
uncoated plates 3 are being used, on the entire surface of the blank. Examples of suitable 
shielding gases include carbon dioxide and nitrogen. 

[0033] The heated, trimmed component blank 17 is then placed, with the aid of a manipulator 
22, in a hot-forming tool 23, in which the three-dimensional shape and the margin contour 12' of 
the trimmed component blank 17 are brought to their desired dimensions. Since the trimmed 
component blank 17 already has near net shape dimensions, only a minor alteration to the shape 
is required during the hot-forming. In the hot-forming tool 23, the trimmed component blank 17 
is fully shaped and rapidly cooled, with the result that a fine-grained martensitic or bainitic 
material microstructure is established. This step corresponds to hardening of the component 
blank 1 8 and allows deliberate setting of the material strength. Details of a hardening process of 
this type are described for example in DE 100 49 660 A 1. It is possible both to harden the entire 
component blank 17 and to carry out hardening on just a local basis at selected locations on the 
component blank 17. Once the desired degree of hardness of the component blank 18 has been 
reached, the hardened component blank 18 is taken out of the hot-forming tool 23 using a 
manipulator and if appropriate stacked until further processing. On account of the near net shape 
trimming of the component blank 10 preceding the hot- forming process and on account of the 
shape adjustment to the margin contour 12' in the hot-forming tool 23, the component 18 already 
has the desired external contour 24 of the finished component 1 once the hot-forming process is 
concluded, and consequently there is no need for time-consuming trimming of the component 
margin following the hot-forming. 

[0034] To achieve rapid quenching of the component blank 18 during the hot-forming, the 
component blank 18 can be quenched in a cooled hot-forming tool 23. When using uncoated 
plates 3, the hot-forming of the component blank 18 is usually associated with scaling of the 
surface, and consequently the surface then has to be cleaned. 

[0035] Since there is no need for laser-cutting of the hardened component blank 18, the cycle 
times in the manufacturing process are advantageously short. The cooling of the component 
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blank 18 is presently a bottleneck in the process sequence according to the invention. To 
alleviate this problem, it is possible to use air-hardening or water-hardening materials for the 
components 1 . The component blank 1 8 only needs to be cooled until a sufficient hot strength, 
rigidity and associated dimensional stability of the component blank 18 have been achieved. 
Then, the component blank 18 can be removed from the tool 23, so that the further heat 
treatment operation takes place in air or water outside the tool 23, which is then very quickly 
available again to receive further component blanks 17 after just a few seconds. 

[0036] In further process steps V and VI (Fig. le, Fig. If), the press-hardened component blank 
18 is first of all subjected to dry cleaning in a dry-cleaning installation 25 and then covered with 
a layer 34 which prevents corrosion of the component 1 in a coating process. For this purpose, a 
plurality of press-hardened component blanks 18, preferably suspended in parallel or lying in 
series, are introduced into the dry-cleaning installation 25 and, for example, blasted by shot- 
peening units. The surface of the component blanks 18 is then substantially oxide-free. Next, 
drums 31 are fed with the cleaned and press-hardened component blanks 18 and a zinc- 
containing powder, preferably a zinc alloy or a zinc-containing mixture, closed and introduced 
into a coating installation 30, where the component blanks 18 are heated slowly, at approx. 
5-10K/min, to approximately 300°C with the drums 31 rotating slowly. During this thermal 
diffusion process, the zinc or zinc alloy is distributed substantially homogeneously over the 
entire surface of the component blanks 18 and bonds to the surface. 

[0037] An even layer thickness, which can be set as desired between a few \xm and over 100 jim, 
preferably between 5 jam and 120 ^m, is established on the component blanks 18 as a function of 
the composition of the powder, the time and the temperature. The layer 34 is weldable and 
produces a tensile strength which may be more than 1300 MPa for a component 1 made from 
BTR 165. There are scarcely any residues or emissions into the environment produced during the 
thermal diffusion process. 



[0038] The coating process is concluded with a passivation operation in an adjoining passivation 
station 35, in which the drums 31 are discharged from the coating installation 30, cooled in a 
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cooling station 36, have residues of the coating powder removed from them using ultrasound in a 
cleaning station 37 and are conditioned in a conditioning station 38 at a temperature of 
approximately 200°C for approximately 1 h, during which step the layer 34 is passivated. If 
appropriate, it is also possible to add suitable passivation additives. Then, the finished corrosion- 
protected components 1 can be removed from the drum 3 1 . 

[0039] In an alternative configuration, the zinc-containing layer 34 can be applied to the press- 
hardened component blank 18 using a hot-dip galvanization process, in which the component 
blanks 1 8 are dipped in a bath comprising a zinc-containing liquid. 

[0040] Figures 3a to 3e diagrammatically depict an alternative process sequence for the 
production of a three-dimensionally shaped, press-hardened component 1 from a semi-finished 
product 2, in particular from a plate 3. In a first process step (Fig. 3a), the plate 3 is cut from an 
unwound and straightened section of a sheet-metal coil 5 in the plate press 6 and placed on a 
stack 7. Then, the plate 3 is subjected to a hot-forming step (Fig. 3b). For this purpose, a 
manipulator 20' places the plate 3 in a continuous furnace 21', in which the plate 3 is heated to a 
temperature which is above the transition temperature to the austenitic microstructure state. 
Then, the heated plate 3 is placed in a hot-forming tool 23', in which a component blank 10' of 
the desired three-dimensional shape is formed from the plate 3; in the process, the component 
blank 10' is cooled sufficiently quickly for it to undergo (component- wide or local) hardening. 
The continuous furnace 21' and the hot-forming tool 23' are advantageously in a shielding gas 
atmosphere 26' in order to suppress scaling of the plates 3. 

[0041] Then, the hardened component blank 10' is transferred to a cutting apparatus 15' 
(Fig. 3c), in which the component blank 10' is trimmed at the margin in order to produce a blank 
18' with margin contour 12. The trimming is preferably carried out using a laser 14'. The margin 
regions 1 1 ' which have been cut off are disposed of. In the subsequent process steps shown in 
Figures 3d and 3e, the press-hardened and trimmed blank 18' is subjected to dry cleaning and 
coated in a coating installation 30 in the same way as in process stages V and VI illustrated in 
Figures le and If. 
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[0042] The press-hardened, coated component 1 is particularly suitable as a bodywork 
component in the automotive industry, which is produced in large numbers. The process 
according to the invention allows advantageous process management with short cycle times, and 
all the process steps are potentially suitable for industrialization. Unlike when using materials 
which have been pre-coated with a corrosion-prevention coating, such as for example Usibor 
1500 PC, it is possible to use conventional pre-forming. The subsequent application of a 
corrosion-prevention coating allows conventional forming and trimming even when using high- 
strength materials, which means that the laser cutting operation, which is complex when using 
large numbers, can be inexpensively replaced. This manufacturing method allows the production 
viability of sheet-metal components to be validated as early as in the development stage by 
conventional forming simulation. An additional benefit is the protection against corrosion, in 
particular when using zinc layers, with the advantage of edge coating. Furthermore, in a vehicle 
assembled from such components, the fuel consumption is reduced on account of the drop in 
weight of the components, since these components can be made significantly thinner than 
conventional sheet-metal parts, while at the same time the passive safety is increased, since the 
components have a very high strength. 
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